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rHRMT C4L PROCESS 



The present invention relates to an improved chemical process for preparing 
intsimediates. Certain of these intermediates are useful in the manufacture of compounds for 
5 use 3p the treatment of, for example, cancer, pain and cardiovascular diseases in a warm- 
bloojded anima] such as man, particularly of compounds which possess endothelin receptor 
antagonist activity. 

! In particular, the present invention relates to a chemical process for preparing 
[4-( J,3,4-oxadiazol-2-yl)phenyl]boronic acid which is used in the manufacture of 

10 N-(3^memoxy-5-mefcylpyrazm-2-yl)^ 

sulpjiOnamide which compound is disclosed as Example 36 of International Patent 
Application WO96/406S 1. That compound possesses endothelin receptor antagonist activity, 
and Accordingly is usesful whenever such antagonist activity is desired, such as for research 
tools' within pharmacological, diagnostic, and related studies or in the treatment of diseases 

15 and medical conditions including, but not limited to hypertension, pulmonary hypertension, 
cardiac or cerebral circulatory disease and renal disease. In addition this compound is also 
useful in the treatment of cancer and pain, in a warm-blooded animal such as man. 

A route for preparing H-CS-memoxy-S-methylpyrazin-Z-y^^^El.S^-oxadiazol-Z- 
yl]pfienyl)pyridine-3-aulphoftamide is disclosed in International Patent Application 

20 WOj96/406Sl. The route involves the use of flie compound H-Cisobutoxycarbonylphenyl)-N- 
(3-n|©1baxy-5-memylpyrazin-2-yI)pyridine-3-sulphonami^ as an intermediate with the 
fomjation of the 1,3,4-oxadiazole in the 4-position of the phenyl group occurring at the end of 
the ijynthesis. This existing route is satisfactory for the synthesis of relatively small amounts 
of Nj-(3-memoxy-5-methylpyrasm-a-yl)-2-<4-[l .S^-oxadiazol^-yllphenyDpvfidine^ 

25 sulplionamide but is a linear rather man convergent synthesis, involving the isolation of a 
substantial number of intermediates. As such, the overall yield of this synthesis is not high, 
| Furthermore, as the heteroaryl moiety at the 4-position of the phenyl group is formed 
as thje last step, it is necessary to undergo a linear synthesis approach with the rest of the 
molecule made first. This is clearly undesirable when substituents in distinct parts of the 

30 molecule need to be varied in order to investigate structure-activity relationships. It would be 
highly desirable if a convergent approach to the synthesis of this type of compound could be 
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We have now devised a much improved process for the manufacture of heteroaryl- 
pheijyl boronic acids, in particular, [4-{13 t 4-oxadiazol-2-yI)phenyl]baromc acid. The process 
is mta-e convergent than the previous route and allows a reduction in the number of 
inteijmsdiaies that must be isolated. This provides significant advantages of time and cost. 
5 j The process of the present invention utilises the increased acidity of the heteroaryl ring 
prot|»n a and involves the sequential use of two bases. Initial attempts at adding one equivalent 
of a £>ase to a heteroaryl-phenyl bromo compound in order to induce halogen-metal exchange 
led competing deprotonation of the heteroaryl ring. On quenching with a borate ester, a 
negl Igible yield of the desired product was achieved, together with starting material and by- 
10 products. In the process of the present invention the heteroaryl ring is initially deprotonated 
with a (typically) "weaker" base, before inducing halogen-metal exchange with a (typically) 
"stranger" base. 

According to a first aspect of the present invention there is provided a process for the 
pnepjaration of a compound of the Formula I 

N-X 2 



IS 



" l^ B(OH)2 



whejein, 

Xi i£ selected from O, NRi or S; and 
X 2 i| selected from CH or N; 
whejein Ri is a nitrogen-protecting group, 
20 whit[h comprises ;- 

Che Sequential ceaetton of a compound of the Formula n 



a) 



•with 



25 




(IX) 



a) 

Cii) 
(iii) 



methyl- or an optionally substituted aryl- lithium; and then 
n-butyK s-butyl-, t-butyl- orn-hexyl- lithium; and then 
a borate ester. 

j For process steps (i), (ii) and (iii), the reactions may conveniently be carried out in an 
inert solvent or diluent or an ethereal solvent such as diethyl ether, tetrahydrofuran, 
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diettjoxymeiiiane, 1,2-dimethoxyethane or 1,4-dioxan. Thus, for example, the reaction may be 
carried out by sequentially treating 2-(4-bromophenyl)-l,3,4-oxadiazole with 
4-mifliylphenyUithium, followed by «-hexyllithium, and finally triisopropylborate in a 
suitable solvent or diLuent or an ethereal solvent, for example tetrahydrotaan, at a temperature 

5 in thje jange, for example, -70 to -55°C, conveniently at or near -70°C. 

j Optionally the heteroaryl-phenyl bromo compound can be charged to a solution of the 
First [base to enable deprotonation, followed by the addition of the second base to induce 
tran^metallation. This method although slightly less efficient in yield and quality does have 
advantages in cases where the first base must be generated in situ due to lack of stability at 

10 ambient temperatures. In this case only one cryogenic vessel is required to complete the 
processing. 

j The molar ratios of the reagents used in process steps (i), (ii), and (Hi), are preferably 
in trie range from 1.0-1.5: 1.0-1.5: 2.1-3 respectively, but more preferably in the range 1.06- 
1.3: 1.07-1.1: 2.2-2.3 respectively. Conveniently* the lithiated intermediates formed during 
15 the Conversion of a compounds of the Formula H to compounds of Formula I are not isolated 
as such but are each prepared and used as a solution in an organic solvent. Thereby, 
compounds of Formula I may be manufactured from compounds of Formula H in a one-pot 
procedure. 

An aryl lithium is, for example, phenyl or naphthyl- lithium, 
20 j An optional substituent for an aryl lithium is, for example, methyl. 

Particularly preferred optionally substituted aryl Lithiums are, for example, phenyl-, 
2-m<sthylphenyK 4-methylphenyl-, mesityl- or naphthyl- lithium. 

A borate ester is an alkyl, alkenyl or aryl boronic ester, for example, trimethyl-, 

triet'syl" or triisopropyl- borate. 
25 j When Ri is a nitrogen-protecting group, then, for example, suitable methods for 
protection are those known to those skilled in the art. Conventional protecting groups may be 
used| in accordance with standard practice (for illustration see T.W. Green, Protective Groups 
in Organic Synthesis, John Wiley and Sons, 1991). 

A suitable nitrogen- protecting group is, for example, an (l-6C)alkyl, phenyl, 
30 allyll, memoxymethyl, benzyl, triphenylmethyl or diphenylphosphinyl protecting group. 
ThiB first aspect of the present invention provides compounds of Formula I in 
commercially acceptable yields and of high quality. 
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Further values of Xi and Xa ate as follows. Such values may be used where 
appr rjpriate with any definitions, claims or embodiments defined hereinbefore or heieinafter. 
Xi is O. 
XiisNRj 
Xt is S. 

X 3 isN. 

XiisO, andXjisCH. 
Xi is O, and X 2 is N. 
io XjandXjareN, 

XiisNRi.andXjisCH. 
XjisNRi,andX 2 is N, 
Xj isS andXzisCH. 
Xi isS andX 3 isN, 
is Ri is allyl or benzyl. 

Ri is benzyl. 

Therefore in an additional aspect of the invention there is provided a process for the 
preparation of compounds of the Formula I 

N-X2 

B(OH) 3 

m 

20 wherein, 

Xi in selected from O, NRi or S; and ? 
Xa i£ selected from CH or N; 
wherein Ri is a nitrogen-protecting group; 
whiih comprises :- 
25 the sequential reaction of compounds of the Formula IE 





ai) 



With, 



Civ) 4-methylphenylliHnum; and then 




20. FEB. 2004 12:21 
101^58 



GLOBAL IP PATENTS 



NO. 4969 P. 8 



(v) n-hexyllithium; and then 

(vi) triisopropylborate. 

In a further aspect of the invention there is provided a process for the preparation of 
combounds of the Formula I 




B(OH) 2 



whei:ein, 

Xi ifi selected from O, NRi or S; and 
Xl if selected from CH or N; 

wherein Ri is a nitrogen-protecting group;which comprises 
to the sequential reaction of compounds of the Formula II 




(ID 



with!, 



15 



(vii) methyllithium; and then » 

(viii) n-hexyllithium; and then 

(ix) triisopropylborate. 

In a further aspect of the invention there is provided a process for the preparation of 
comlpounds of the Formula I 



I-Xa 




B(OH) 2 



wherein, 
20 Xi i j O; and 
X a i»N; 

which comprises 

the i equential reaction of compounds of the Formula II 
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with 




(II) 



0d) 
<xii) 



methyllithium; and then 
n-butylhthium; and then 
trLisopropylborale. 



In a further aspect of the invention there is provided a process for the preparation of 
compounds of the Formula I ? 




•B(OH) 2 



whe-ein, 
10 Xj in O; and 

which comprises 

the 5 equential reaction of compounds of the Foimula II 

N— X 2 



15 wi 



(xiii) 4-methyphenyllithium; and then 

(xiv) n-butyllitftium; and then 

(xv) triisopropylborate. 

Compounds of the formula <D> may be prepared according to the experimental 
20 methods and procedures disclosed in Bioorganic «£ Medicinal Chemistry Letters, 2002, 
12(pX 2S79-28S2; Eur. J. Med. Chem., 2000, 35, 157-162; Helvetica ChimicaAcfa, 1950, 
33, [271-1276; EUr. J. Med. Ctem. y 1985, 20(3), 257-66 and/. Het. Ch&m., 1989, 26, 1341. 

The invention will now be illustrated by the following non-iimiting Examples in 
whiih, unless otherwise stated:- 
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maximum 



(i) 
mi 

<ii) 

(TMjS) 
5 million 
sing 



-7- 



yields are intended for the assistance of the reader only and are not necessarily the 

attainable by diligent process development; 
^HNMR spectra were determined at 270MHzin DMSOds using tetramemylsilane 
as an internal standard, and are expressed as chemical shifts (deita values) in parts per 
islative to IMS using conventional abbreviations for designation of major peaks: s, 
et; m, multiple^ t, triplet: br, broad; d 7 doublet. 
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Exam 

t3] 



To a 
of 2 



3.4"0xadi3Z0l-2-v])DhBnvHb<>ronic acid 



solution of memylHthium (&% w/w in diethoxymethane) (65 ml) was added a suspension 
<4-bromophenyl)-l,3,4-oxadiazole (40 g ) j n tetrahydrofuran (THF) (176 ml) at -65°C. A 
5 solui ion of n-butyllithium (2.5M in hexanes) (78 ml) was then added at -65°C. 
Triisopiopylborate (90 ml)) was then, added at -65 e C. The reaction mixture was wanned to 
20 o C: and drowned out into a mixture of acetic acid (28 ml) in water (222 ml). The resultant 
solk S was isolated, washed with THF and water, and dried to yield the title compound 
(28,96 g ® 95.1% w/w, S2%); NMR Sp ectrum: (DMSOdg) 8.00 (s, 4H), 8.31 (s, 211), 9.35 
10 (s, 1 B); Mass Spectrum MH* 191.0628 (calo. using 1 1-B) Found 191.0633. 

The 2-(4-bromophenyI)-l,3,4-oxadiaaole used as a starting material was prepared as 
follcws: 

To a suspension of 4-biomobenzoic hydrazide (200 g) in industrial methylated spirit 
(700 ml) was added triethylorthoformate (309 ml), industrial methylated spirit (100 ml) and 
15 snip iuric acid (0.8 ml). The reaction mixture was heated to reflux for 1 hour. The reaction 
mix; ure was cooled to 0-5°C and product crystallised. Product was isolated, washed and dried 
to yield 2-(4-bromophenyI)-i 5 3,4-oxadiaw)le (186.1 g, S9.9%). NMR Spectrum : (DMSOd«) 
9.35 (s, 1H), 7.98 (d, 1H), 7.95 (d, 1H), 7,84 (d, 1H) ? 7.81 (d, 1H); Mass Spectrum 
MHf 224.9663 (calc. using 79-Br) Found 224.9701, 

20 

Esaknole 2 



r4^d.3.4-oxadiazol-2-vDplieiivnbnTrtTi8f ^nri 



Lithium granules (8.2 g) and tetrahydrofuran (670 g) were charged to a reactor under an argon 
atmosphere and the mixture cooled to -35 e C. 4-Chlorotoiuene (74.3 g) was added at -35*0. 
25 The resultant solution was added to a suspension of 2-(4-bromophenyl)-l ,3,4-oxadiazole 
(12^ ,4 g) in tetrahydrofuran (800 g) at -65°C. A solution of n-hexyllithium (33%w/w in 
hexines) (240ml) was men added at ~6S°C. Triisopropylborate (230.8 g) was then added at 



-65 



an 



C. The reaction mixture wsb allowed to warm to -35°C and drowned out into a solution 

V* 

of aietic acid (91*5 g) in water (688 g). The resultant solid was isolated, washed with THF 



30 and 



water, and dried to yield the title compound (92,2 g s 88%). 
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Example 3 

T4.fl ^.4-ft^adlaieol-2-vnDhenvnb oronic acid 

Example 2 was repeated but the charge of 4-chlorotohjene increased from 1.06 moles to 1.30 
molos. The yield of the title compound increased to 89.3%. 
$ • 

Example 4 

[4j£ ^ /t-ftVftdiflgnl.2- Yl>phwt T ^horoHic acid 

Tetnhydrofuran (250 g) was charged to a mixture of lithium granules (3.02 g) and biphenyl 
(0.0 . g) under an argon atmosphere and the mixture cooled to -30°C, 2-Chloratoluene 

10 (27.:>5 g) was slowly added at -3Q*C The reaction was held at -30°C for 6 hours and then 
cooled to -65°C. A mixture of 2-(4-bromophenyl)-l,3,4-oxadiazole (50.0 g) in THF (300 g) 
was slowly added at -65°C The reaction was held at -65^ for 30 minutes then a solution of 
n-hexyUithium (33%w/w in hexanes, 86 ml) was added at -65°C. The reaction was held at 
-65°C for 30 minutes and then trimethylborate (48.7 g) was added at -<55°C. The reaction was 

IS held at -65°C for 10 minutes then methanol (55,3 g) was added followed by 4-methyl-2- 
pentanone (240 g). The reaction mixture was warmed and the low boiling solvents distilled 
off under vacuum to a maximum temperature of 55 e C. The residual mixture was cooled to 
0*C and 109£>w/w sulphuric acid (92 g) was added followed by water (92 g) whilst 
maintaining the temperature below 7*C Product precipitated. The pH was adjusted to 6.5 by 

20 the Addition of more 10%wAv sulphuric acid (85.3 g). The mixture was heated to 40°C then 
cooled back to 5- lO'C. Product was isolated and washed with THF (56g) and water (60g), 
yielding wet title compound (25,2 g, 60%). 



25 r4-C L t 3 t 4-0CTdiazol-2-vnphenvnboronic aeid 

Tetiahydrofuran was charged to lithium granules (7.6 g) under an argon atmosphere and the 
mixture cooled to -30°C. 2-Chlorotoluene (69.4 g) was slowly added at -30°C. The reaction 
was held at -30°C for 6 hours then added to a suspension of 2-(4-bromopheftyl)~ 1 ,3 ,4- 
oxadiazole (124.4 g) in tetrahydrofuran (800 g) at -65°C. The reaction was held at -65°C for 

30 30 jknutes then a solution of n-hexyilithiuni (33<&w/w in hexanes, 245 ml) was added at 

-65lC, The reaction was held at -65°C for 30 minutes and then trimethylborate (230.8 g) was 
addld at -65X, The inaction was held at -65°C for 30 minutes then methanol (175 ml) was 
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added followed by 4-mefhyl-2-pentanone (600 g). The reaction mixture was wanned and the 
low boiling solvents distilled off under vacuum to a maximum temperature of SO°C. The 
reac ion mixture was cooled to 5- 10'C and the pH adjusted to 6.5 by the addition of S%wfvs 
sulpiuric acid (990.5 g). Product precipitated. The mixture was heated to 40°C then cooled 
5 back, to 10°C. Produet was isolated, washed with THF and water, and dried yielding the title 
compound (79.3 g, 75.5%). 



Example 6 

r4-fl.3.4>n-KadiaMil-3-yl ^iihenTllhftmnfaapM 



10 Exai nple 4 was repeated but chlorobenzene (61.6 g) was used instead of 2-chlorotoIuene. The 
irate tad yield of the title compound was S7.8 g, (83.8%). 



I 
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A process far the preparation of a compound of the Formula I 




B(OH) 2 



a) 



5 wherein, 

Xi i i selected from O, NRi or S; and 
X 2 i i selected from CH or N; 
wherein Ri is a nitrogen-protecting group, 
which comprises :- 
10 the ! lequential reaction of a compound of the Formula n 

N— X 2 



witt 



15 




(ID 



(xvi) methyl- or an optionally substituted aryl- lithium; and then 
(svii) n-butyl-, s-butyl-, t-butyl- or n-hexyl- lithium; and then 
(xviii) a borate ester. 
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